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Fig.1-1 ࡟ୡ⏺ேཱྀⓑ᭩ 2018 ࢆᇶ࡟ୡ⏺ேཱྀࡢᖺḟ᥎⛣࡜௒ᚋࡢண ࢆ♧ࡋࡓᅗࢆ♧
ࡍࠋ2017ᖺ 6᭶ 21᪥࡟ᅜ㐃ࡀⓎ⾲ࡋࡓࠕୡ⏺ேཱྀண  2017ᖺᨵᐃ∧ࠖ࡟ࡼࡿ࡜ࠊẖᖺ
⣙ 8300 ୓ேࡢேཱྀቑ࡟ࡼࡾࠊ2017 ᖺ࡟ 76 ൨ே࡜࡞ࡗ࡚࠾ࡾ 10 ᖺ๓ࡢண ࡜࠾ࡾ࡟ே
ཱྀࡀቑຍࡋ࡚࠸ࡿࠋࡇࡢࡲࡲቑຍࡀ㐍ࡴ࡜ୡ⏺ேཱྀࡣࠊ2030 ᖺࡲ࡛࡟ 86 ൨ேࠊ2050 ᖺ
࡟ 98 ൨ேࠊࡑࡋ࡚ 2100 ᖺ࡟ࡣ 112 ൨ே࡟㐩ࡍࡿࡇ࡜࡟࡞ࡿࠋᅜ㐃㣗⣊㎰ᴗᶵ㛵㸦Food 
and Agriculture Organizationࠊ௨ୗ FAO㸧ࡢண ࡟ࡼࡿ࡜ࠊࡇࡢேཱྀቑຍ࡟ࡼࡾ⏕ࡌࡿ㣗ᩱ
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Table 1-1 Main purpose of agrochemicals formulations 
No. Objectives Description 
1 Improvement of handling and application 
ʀFundamental purpose 
ʀTo dilute using proper substances 
2 
Maximization of biological activity to 
reduce dose of active ingredient applied 
嵣Efficacy depending on its formulation recipe 
and the physical and chemical properties 
嵣To modify persistence on target 
3 Cover of weak points of active ingredients 
嵣To maximize long term stability 
嵣To improve the stability of active ingredients 
against light岝 phytotoxicity etc. 
4 
Improvement of safety during manufacture 
and application for human 
Reducution of environmental influence 
嵣To reduce  toxicity岝 exposure岝 drift etc. 




嵣Release control technology (Seedling box) 
嵣1kg-granules 
嵣Jumbo formulation (PVA-packing) 
嵣RC-helicopter 
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Table 1-3 Comparison of particle size measurement techniques 
 Image analysis Sieving Coulter Laser diffraction 
Dynamic light  
scattering 
Sedimentation 
Definition of measured 
particle size 





Equal volume sphere 
equivalent diameter  
etc. 
Diffraction scattering  
diameter etc. 




Input parameter Not required Not required Not required 
Refractive index of   
particle etc. 
Diffusion factor of  
particle etc. 
Density of particle  
etc.  
Measured physical  
quantity 
Projected area and 
 shape of one particle 
䠄Number of pixels䠅 
Weight of particles  
passing through mesh  
openings 
(Mesh of Sieve) 





n scattering pattern o






d light reflecting diffu
sion coefficient 
(Strength of scattered  
light) 
Settling speed. Match 
with the sedimentation 
velocity of the assume
d particle 
䠄Absorbance etc.䠅 
Influence of particle  
shape 
Somewhat Somewhat Nothing Extremely Extremely Influential 
Equipment calibration Not required Not required 
Possible 









Somewhat Nothing Nothing Influential Influential Somewhat 
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Fig.2-1 Chemical structure of penthiopyrad technical 
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Fig. 2-2 Experimental process flow of penthiopyrad suspension concentrate 
 
‵ᘧ⢊○ࢫ࣮ࣛࣜࡢฎ᪉࠾ࡼࡧㄪ〇ἲࢆ Table 2-2࡟♧ࡍࠋ࢔ࢺ࣐࢖ࢨ࣮࡟࡚⢊○ࡋࡓ




3ࡢ᳨యࡣ Table 2-2 a)࠾ࡼࡧ b)࡟グ㍕ࡢ᮲௳࡟࡚ࢲ࢖ࣀ࣑ࣝࢆ⏝࠸࡚⢊○ࡍࡿࡇ࡜࡟ࡼ





Table 2-2 Recipe and preparation methods of penthiopyrad slurry 
 














Fraunhofer ᅇᢡ࠾ࡼࡧ Mie ᩓ஘⌮ㄽࢆ฼⏝ࡋࡓ࣮ࣞࢨ࣮ᅇᢡ/ᩓ஘ᘧ⢏Ꮚᚄศᕸ ᐃ⿦
⨨ HORIBA LA-950㸦ᇼሙ〇సᡤ㸦ᰴ㸧〇㸧ࢆ⏝࠸࡚⢏Ꮚᚄศᕸࢆ ᐃࡋࡓࠋ࣌ࣥࢳ࢜ࣆ
ࣛࢻỈᛶᠱ⃮ࢰࣝ 0.5 gࢆ࣏ࣜ࢜࢟ࢩ࢚ࢳࣞࣥࣀࢽࣝࣇ࢙ࢽ࢚࣮ࣝࢸࣝሷ㸦ࢽ࣮ࣗࢥ࣮ࣝ
560ࠊ᪥ᮏங໬๣ओ㸧ࡢ 0.2 w/v%Ỉ⁐ᾮ 100 mLࢆ⏝࠸࡚ศᩓࡉࡏࠊ㉸㡢Ἴศᩓࢆ 5ศ㛫
















ձ  ࢺ࣐ࢺ⅊Ⰽ࠿ࡧ⑓࡟ᑐࡍࡿホ౯ 
౪ヨ᳜≀㸦ࢺ࣐ࢺရ✀㸸኱ᆺ⚟ᑑ㸧ࢆ᧛✀ᚋࠊ」ⴥࡀ 3ᯛᒎ㛤ࡍࡿࡲ࡛᱂ᇵࡋࡓࠋ࣋ࣥ
ࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࢆᡤᐃࡢ⃰ᗘ㸦100 ppmࠊ20 ppm࠾ࡼࡧ 4 ppm㸧࡜࡞ࡿࡼ࠺࡟ࡑ
ࢀࡒࢀ 1000ಸࠊ5000ಸ࠾ࡼࡧ 25000ಸ࡟⵨␃Ỉ࡟࡚ᕼ㔘ࡋᩓᕸᾮࢆㄪ〇ࡋࡓࠋᩓᕸᾮࢆ




᥋✀ 2㹼3᪥ᚋ࡟ࠊ௨ୗࡢⓎ⑓⛬ᗘࢆㄪᰝࡋࠊEq. (1)࡟࡚㜵㝖౯ࢆ⟬ฟࡋ࡚ホ౯ࡋࡓࠋ 
 
[Ⓨ⑓⛬ᗘ] 





2  㸸Ⓨ⑓㠃✚ࡀ 70㸣⛬ᗘ 
3  㸸Ⓨ⑓㠃✚ࡀ 95㸣௨ୖ 
 
㹙㜵㝖౯㹛 









Fig.2-4 Symptom of tomato gray mold 
 
 
ղ  ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓࡟ᑐࡍࡿホ౯ 
౪ヨ᳜≀㸦࢟ࣗ࢘ࣜရ✀㸸┦ᶍ༙ⓑ㸧ࢆ᧛✀ᚋࠊᮏⴥࡀ 1ᯛᒎ㛤ࡍࡿࡲ࡛᱂ᇵࡋࡓࠋ࣋
ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࢆᡤᐃࡢ⃰ᗘ㸦100 ppmࠊ20 ppm࠾ࡼࡧ 4 ppm㸧࡜࡞ࡿࡼ࠺࡟
ࡑࢀࡒࢀ 1000ಸࠊ5000ಸ࠾ࡼࡧ 25000ಸ࡟⵨␃Ỉ࡟࡚ᕼ㔘ࡋᩓᕸᾮࢆㄪ〇ࡋࡓࠋᩓᕸᾮ
ࢆ౪ヨ᳜≀࡟༑ศ࡟⸆ᾮࡀ௜╔ࡍࡿࡼ࠺࡟ 10࢔࣮ࣝ࠶ࡓࡾ 200 L┦ᙜ㔞ࡢᩓᕸỈ㔞㸦᳜
≀㸯࣏ࢵࢺ࠶ࡓࡾᩓᕸᾮ 2.5 mL㸧ࢆࢫࣉ࣮ࣞ࢞ࣥ࡟࡚ᩓᕸࡋࠊ⣙୍᪥㛫⮬↛஝⇱ࡋࡓࠋ 


















































୰఩ᚄࡣձ0.24 μmࠊղ0.30 μmࠊճ1.5 μmࠊմ4.5 μm࠾ࡼࡧյ8.7 μmࡢ 5ẁ㝵࡟ㄪ〇ࡋ
ࡓࠋ࡞࠾ࠊյ8.7 μmࡢ᳨యࡣỈᛶᠱ⃮ࢰࣝヨ〇᫬࡟‵ᘧ⢊○ᕤ⛬ࡀ↓ࡃࠊฎ᪉ A࡟㓄ྜ
ࡉࢀࡿ⏺㠃άᛶ๣ࡢࡳ࡛༑ศศᩓࡉࢀ࡚࠸ࡿ࡜ࡢ᥎ᐹ࠿ࡽฎ᪉ A ࡢࡳホ౯ࢆᐇ᪋ࡋࡓࠋ




















ฎ᪉ A ࠾ࡼࡧ B ࡟࠾࠸࡚ྛ୰఩ᚄࡢ᳨యࢆ⵨␃Ỉ࡟࡚ᕼ㔘ࡋࠊ࣌ࣥࢳ࢜ࣆࣛࢻ⃰ᗘ








⣽࡞⢏Ꮚᚄࡢ㡿ᇦ࡛㧗࠸ഴྥࢆ♧ࡋࠊ≉࡟୰఩ᚄ 0.24 μm ࡜ 0.30 μm ࡢ᳨యࡢฎ⌮༊࡛














⸆ຠ࡟ᑐࡍࡿຠᯝࡢῶ⾶ࡢ๭ྜࢆ♧ࡋ࡚࠸ࡿࠋࡲࡎࠊᐇ⏝ฎ⌮⃰ᗘ࡛࠶ࡿ 100 ppm ࡢヨ
㦂༊࡛ࡣࠊฎ᪉ Aࡢ 100 ppmฎ⌮༊࡛ࡣࠊ୰఩ᚄ 8.7 μm࡟࠾࠸࡚ṧຠᛶࡀ኱ࡁࡃపୗࡍ
ࡿഴྥࢆ♧ࡋ࡚࠸ࡿࡶࡢࡢᕼⷧ⃰ᗘ࡛ࡣ㢧ⴭ࡞ᕪ␗ࡀㄆࡵࡽࢀ࡞࠸ࡇ࡜࠿ࡽࠊᩓᕸ᫬࡟
⸆๣ࡀ୙ᆒ୍࡟௜╔ࡋࡓᚓ౪࡜᥎ᐹࡋࡓࠋ20 ppmฎ⌮༊࡟࠾࠸࡚ࡣࠊ⢏Ꮚᚄ࡟ࡼࡿṧຠ
ᛶ࡟᫂☜࡞ഴྥࡣㄆࡵࡽࢀࡎࠊ≉࡟ 4 ppm ฎ⌮༊࡛ࡣ࠸ࡎࢀࡢ᳨యࡶ⸆ຠࢆ♧ࡉ࡞࠿ࡗ
ࡓࡇ࡜࠿ࡽࠊ⢏Ꮚᚄ࡟ࡼࡿ᫂☜࡞㜵㝖ຠᯝࡢᕪ␗ࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ 
୍᪉ࠊฎ᪉ B ࡛ࡣࠊ100 ppm ฎ⌮༊࡟࠾࠸࡚ࡣྛ⢏Ꮚᚄ㛫࡛᫂☜࡞ᕪ␗ࡀㄆࡵࡽࢀ࡞
࠿ࡗࡓࡢ࡟ᑐࡋࠊ20 ppm࠾ࡼࡧ 4 ppmฎ⌮༊࡛ࡣࠊ᭱ࡶ⢏Ꮚᚄࡀᑠࡉ࠸୰఩ᚄ 0.24 μm
ࡢ᳨యࡀ≉␗ⓗ࡟Ⰻዲ࡞ṧຠᛶࢆ♧ࡋࡓࠋ୰఩ᚄ 0.24 μm࡜ 0.30 μmࡢ᳨యࡢ୰఩ᚄࡣ࡯
ࡰྠ➼࡛࠶ࡿࡀࠊσgࡀ␗࡞ࡿ᳨య࡛࠶ࡿࠋฎ᪉ B࡛ࡣࠊ20 ppm࠾ࡼࡧ 4 ppmฎ⌮࡟࠾࠸










Fig. 2-9 Residual efficacy of penthiopyrad against gray mold 7 days after application 
 
ճ  ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓࡟ᑐࡍࡿᇶ♏άᛶࡢホ౯ 
࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰࣝࡢฎ᪉࠾ࡼࡧ⢏Ꮚᚄศᕸࡀ࢟ࣗ࢘ࣜ࠺࡝ࢇࡇ⑓ࡢ㜵㝖ຠ
ᯝ࡟ཬࡰࡍᙳ㡪ࢆ࣏ࢵࢺヨ㦂࡟ࡼࡾホ౯ࡋࡓࠋฎ᪉ A࠾ࡼࡧ B࡟࠾࠸࡚ྛ୰఩ᚄࡢ᳨య













㝆㞵ฎ⌮ᚋࡢ⸆ຠ㸦⪏㞵ᛶ㸧ࢆホ౯ࡋࡓ⤖ᯝࢆ Fig.2-11࡟♧ࡍࠋฎ᪉ A࡛ࡣࠊᩓᕸ⃰ᗘ 100 
ppm ࡢ᮲௳࡟࠾࠸࡚ࠊ୰఩ᚄ 8.7 μm ࡢ᳨యࡢ㜵㝖౯ࡀࡑࡢ௚ࡢᚤ⣽࡞⢏Ꮚᚄศᕸࢆᣢࡘ
ࢧࣥࣉࣝࡼࡾࡶ㧗ࡃࠊⰋዲ࡞⪏㞵ᛶࢆ♧ࡋࡓ୍ࠋ ᪉ࠊฎ⌮⃰ᗘ 20 ppm࠾ࡼࡧ 4 ppm࡛ࡣࠊ
୰఩ᚄ 0.24 μmࠊ0.30 μm࡜ᚤ⣽࡞㡿ᇦ࠾ࡼࡧ୰఩ᚄ 8.7 μm࡜⢒኱࡞㡿ᇦ࡛㧗࠸⪏㞵ᛶࢆ




















ࡋ࡞࠸ഴྥࢆ♧ࡍ୍᪉࡛ฎ᪉ A ࡛ࡣ୰఩ᚄࡀ 4.5ȣm ࡼࡾࡶᑠࡉ࡞㡿ᇦ࡛ࡣ኱ࡁ࡞ᕪ␗ࡣ










Fig. 2-12 Summary of control efficacy of penthiopyrad in case of practical concentration 
 














౯ࡋࡓࠋTable 2-4 ࡟ヨ㦂⤖ᯝࢆ♧ࡍࠋ7 ᪥㛫⤒᫬ᚋࡢ୰఩ᚄࡢ್ࢆึᮇࡢ୰఩ᚄࡢ್࡛
㝖ࡋࡓ್ࢆኚ໬⋡࡜ᐃ⩏ࡋࠊ⢏Ꮚᡂ㛗ᛶࡢ᭷↓ࢆホ౯ࡋࡓࠋࡲࡓ Fig.2-14࡟ฎ᪉ A࡜ฎ
᪉ B ࡢኚ໬⋡ࢆどぬⓗ࡟♧ࡋࡓᅗࢆ♧ࡍࠋ࠸ࡎࢀࡢฎ᪉࡟࠾࠸࡚ࡶẚ㍑ⓗ⢒኱࡞୰఩ᚄ
ࡀ 8.7 μm࠾ࡼࡧ 4.5 μmࡢ᳨య࡛ࡣ࡯࡜ࢇ࡝୰఩ᚄࡢኚ໬ࡀㄆࡵࡽࢀࡎࠊኚ໬⋡ࡢ್ࡀ 1
࡟㏆࠸್࡛࠶ࡗࡓࡢ࡟ᑐࡋࠊ୰఩ᚄ 1.5 μmࠊ0.30 μmࡢ᳨య࡛ࡣኚ໬⋡ࡢ್ࡀ኱ࡁࡃࠊ⢏






































Fig. 2-15 Deposit of recipe A delusion water on acryl board 
 



























































(1) ࣌ࣥࢳ࢜ࣆࣛࢻࡢᐇ⏝⃰ᗘ 100 ppmࡢᩓᕸ࡛ࡣ࠸ࡎࢀࡢ⢏Ꮚᚄࠊฎ᪉࡟࠾࠸࡚ࡶⰋ
ዲ࡞㜵㝖ຠᯝࢆ♧ࡋࡓࠋ 















D50 : Mean diameter [μm] 
N  : Severity of untreated control [–] 
n  : Severity of treated plot [–] 
p  : Significance level [–] 
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ࡣࢲ࢖ࣀ࣑ࣝ KD ᆺࡢỗ⏝ⓗ࡞ᨩᢾᶵᵓ࡛࠶ࡿᡭ⿬๢ᆺࡢᵓ㐀ࢆ⏝࠸ࡓࠋFig.3-4 ࡟⢊○
ᶵࡢᅇ㌿ᩘࢆ 2000 rpmࠊ2500 rpmࠊ3200 rpm࠾ࡼࡧ 4000 rpm࡜ኚ໬ࡉࡏࡓ⢊○ヨ㦂⤖ᯝ
ࢆ♧ࡍࠋண᝿ࡉࢀࡓ࡜࠾ࡾࠊ⢊○ᶵࡢᅇ㌿ᩘࡀ 2000 rpm࠿ࡽ 2500 rpmࠊ3200 rpm࡜ୖ᪼
ࡍࡿ࡯࡝ࠊࡍ࡞ࢃࡕ࿘㏿ࡀ㏿ࡃ࡞ࡿ࡯࡝⢊○ᛶࡀྥୖࡍࡿഴྥࢆ♧ࡋࡓ୍᪉࡛ࠊᅇ㌿ᩘ






















Fig. 3-5 Effect of rotation number of beads mill on milling efficiency 
 
௨ୖࡢࡼ࠺࡟ࢲ࢖ࣀ࣑ࣝ KD ᆺࢆ⏝࠸ࡓຠ⋡ⓗ࡞࣌ࣥࢳ࢜ࣆࣛࢻࢫ࣮ࣛࣜࡢ⢊○᮲௳















Fig. 3-6 Effect of rotation number of beads mill on milling efficiency 
 
㎰⸆Ỉᛶᠱ⃮ࢰࣝ〇๣࡛ࡣࠊ㎰⸆᭷ຠᡂศ࡞࡝ࡢᅛᙧᡂศࢆ㎰⸆〇ရࡢ᭷ຠᖺ㝈࡛
࠶ࡿ 3 ᖺ㹼5 ᖺࡢ㛗ᮇ㛫࡟ࢃࡓࡾࠊỈ୰࡟Ᏻᐃࡋ࡚ᠱ⃮ࡉࡏࡿᚲせࡀ࠶ࡿࠋࡑࡢࡓࡵ
Ⰻዲ࡞⤒᫬Ᏻᐃᛶࢆᚓࡿࡓࡵ࡟ࠊᅛᙧᡂศࢆணࡵᚤ⣽໬ࡋ࡚࠾ࡃࡢࡀຠᯝⓗ࡞᪉⟇࡛























































㞟ຠ⋡ࢆྥୖࡉࡏࡿຠᯝࢆពᅗࡋࡓᨵⰋ࡛࠶ࡿࠋB ᆺࢧ࢖ࢡࣟࣥ࡜ C ᆺࢧ࢖ࢡࣟࣥ࡟ࡣ
ࡑࢀࡒࢀ⢏Ꮚࡢ෌㣕ᩓࢆᢚไࡍࡿ┠ⓗ࡛ࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊࡟␗࡞ࡿᙧ≧ࡢࢭࣥࢱ







Fig. 3-8 Various types of hydro cyclones 
 
Fig.3-9࡟ྛࢧ࢖ࢡࣟࣥࡢᑍἲࢆ♧ࡍࠋAᆺࢧ࢖ࢡ࡛ࣟࣥࡣࠊഴᩳቨࡢഴᩳゅᗘȘࢆ 0r
࠿ࡽ 70r࡟ㄪ⠇ࡋ࡚⏝࠸ࡓࠋBᆺࢧ࢖ࢡࣟࣥࡢࢭࣥࢱ࣮ࣟࢵࢻࡢ┤ᚄࡣ 10 mm࡜ 20 mm
ࡢ 2✀ࢆ⏝࠸ࡓࠋࡲࡓࠊCᆺࢧ࢖ࢡࣟࣥ࡟࠾ࡅࡿ෇㗹㒊 Aࡢᗏ㒊ࡢ┤ᚄࡣ 10 mm࠿ࡽ 35 
mm࡟ㄪ⠇ࡋ࡚ホ౯ࡋࡓࠋ 
 



















Fig. 3-10 Particle size distribution of test particle 
 



















ࣔࢠ ൌ ૙ǡ ࢜ ൌ ૙                                                     (2) 
 
 





























ࣔࣂ൰ ൅ ࡿࣘ 
ȭ ǻ ࡿࣘ 
u Ȥ െ࢘൬ࣔࡼࣔࢠ൰ 
v Ȥ െ࢘൬ࣔࡼࣔࢠ൰ ൅ ࢝















࡞࠾ࠊCFDィ⟬᮲௳ࡢヲ⣽ࢆ Table 3-2࡟♧ࡍࠋ 
 




















Fig. 3-11 Effect of ring angle on 50% cut size 
 
ḟ࡟ࠊୗグࡢ Eq.3 ࡛ᐃ⩏ࡉࢀࡿ࢔ࣥࢲ࣮ࣇ࣮ࣟ㸦ࣈ࣮ࣟࢲ࢘ࣥ㸧ࡢẚ⋡ࢆ 10㸣࠿ࡽ
20㸣࡟ୖ᪼ࡉࡏࡓሙྜࡢᙳ㡪ࢆホ౯ࡋࡓࠋFig.3-11࡟ヨ㦂⤖ᯝࢆ♧ࡍࠋ 
Q








Fig.3-12 ࡟ S ᆺ࠾ࡼࡧ A ᆺࢧ࢖ࢡࣟࣥࡢ⢏Ꮚศ㞳ຠ⋡ࢆẚ㍑ࡋࡓᅗࢆ♧ࡍࠋS ᆺࢧ࢖
ࢡࣟࣥࡢ 50㸣ศ㞳ᚄࡣ⣙ 2 μm࡛࠶ࡿࡢ࡟ᑐࡋࠊAᆺࢧ࢖ࢡࣟࣥࡣ⣙ 1.7 μm࡛࠶ࡗࡓࠋ





Fig. 3-12 Particle separation performance of Type S and A cyclones 
 





















Fig. 3-13 Typical particle trajectory in under flow section for Type S and A cyclones 
 
B ᆺ࠾ࡼࡧ C ᆺࢧ࢖ࢡࣟࣥࡢ⢏Ꮚ㌶㐨ࡢྍど໬ᐇ㦂⤖ᯝࢆ Fig.3-14 ࡟♧ࡍࠋS ᆺ࠾ࡼ
























࠸࡚ 10 mm ࡜ 20 mm ࡢ 2 ✀࡟ࡘ࠸࡚ẚ㍑ࡋࡓ⤖ᯝࠊ50㸣ศ㞳ᚄࡣࢭࣥࢱ࣮ࣟࢵࢻ┤ᚄ
10 mmࡢሙྜ࡟పῶຠᯝࡀㄆࡵࡽࢀࠊ20 mmࢭࣥࢱ࣮ࣟࢵࢻ࡛ࡣ Sᆺࢧ࢖ࢡࣟࣥ࡜ẚ㍑







Fig. 3-15 Particle separation performance of Type S and B cyclones 
 
Fig.3-16 ࡟ᐇ㦂࡟ࡼࡾᚓࡽࢀࡓ C ᆺࢧ࢖ࢡࣟࣥࡢ㒊ศศ㞳ຠ⋡᭤⥺ࢆ♧ࡍࠋC ᆺࢧ࢖
ࢡࣟࣥࡣࠊ㡬㒊࡟㏫෇㗹ࢆタࡅࡓࢭࣥࢱ࣮ࣟࢵࢻࢆタ⨨ࡋ࡚࠾ࡾࠊᶆ‽ࡢ S ᆺࢧ࢖ࢡࣟ
ࣥ࡜ẚ㍑ࡋ࡚ࡉࡽ࡟෌㣕ᩓ⢏Ꮚࡢᩘࡀῶᑡࡍࡿࡇ࡜ࡀᮇᚅࡉࢀࡿࠋ෇㗹㒊ࡢ┤ᚄ 25 mm
࠾ࡼࡧ 35 mmࡢ 2✀ࡢࢭࣥࢱ࣮ࣟࢵࢻࡢຠᯝࢆẚ㍑ࡋࡓ⤖ᯝࠊ࠸ࡎࢀࡢ෇㗹㒊ࢆ᭷ࡍࡿ









Fig. 3-16 Particle separation performance of Type S and C cyclones 
 
























Fig. 3-17 Calculated fluid velocity distribution of the Type S and D cyclones 
㻌67 
 







Fig. 3-18 Calculated fluid velocity distribution in under flow region of the Type S and D 
cyclones 
 
Fig. 3-17 ࠾ࡼࡧ Fig. 3-18 ࡟♧ࡋࡓ CFD ࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟ࡼࡾ⟬ฟࡋࡓ㏿ᗘ࣋ࢡࢺ
ࣝࡢศᕸ࠿ࡽࠊD ᆺࢧ࢖ࢡ࡛ࣟࣥࡣ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊୰ᚰ࠿ࡽ࣮࢜ࣂ࣮ࣇ࣮ࣟ㒊࡬ࡢ෌
㣕ᩓ⢏Ꮚࡢᩘࡀῶᑡࡋࠊ⢏Ꮚᤕ㞟ຠ⋡ࡀᨵၿࡉࢀࡿࡇ࡜ࡀ᥎ᐹࡉࢀࡓࠋࡇࡢ CFDࢩ࣑ࣗ
࣮ࣞࢩࣙࣥࡢ⤖ᯝࡣࠊFig. 3-13࠾ࡼࡧFig. 3-14࡟♧ࡋࡓ඾ᆺⓗ࡞⢏Ꮚ㌶㐨࡜ࡶ୍⮴ࡋࡓࠋ 
 




ẚ㍑ࡋࡓᅗ࡛࠶ࡿࠋSᆺࠊCᆺ࠾ࡼࡧ Dᆺࢧ࢖ࢡࣟࣥࡢ 50㸣ศ㞳ᚄࡣࡑࢀࡒࢀ 2.2 μmࠊ
㻌68 
 
1.9 μm࠾ࡼࡧ 1.7 μm࡜࡞ࡾࠊDᆺࢧ࢖ࢡ࡛ࣟࣥ᭱ࡶᑠࡉ࠸ศ㞳ᚄࡀᚓࡽࢀࡓࠋCᆺࢧ࢖
ࢡࣟࣥࡢ⢏Ꮚᤕ㞟ຠ⋡ࡢྥୖࡣࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊࡟タ⨨ࡋࡓ㏫෇㗹㒊ࢆ᭷ࡍࡿࢭࣥࢱ
࣮ࣟࢵࢻࡢຠᯝ࡛࠶ࡿࡀࠊD ᆺࢧ࢖ࢡࣟࣥࡢ 50㸣ศ㞳ᚄࡣࠊC ᆺࡼࡾࡶࡉࡽ࡟ᑠࡉ࠸ࠋ
C ᆺࢧ࢖ࢡࣟࣥ࡜ D ᆺࢧ࢖ࢡࣟࣥࡢ㛫ࡢ⢏Ꮚศ㞳ᛶ⬟ࡢᕪࡣࠊ࢔ࣥࢲ࣮ࣇ࣮ࣟ㒊ୖ㒊ࡢ
ഴᩳቨ࡟ࡼࡿࡶࡢ࡛࠶ࡿࠋຍ࠼࡚ࠊD ᆺࢧ࢖ࢡࣟࣥࡢศ⣭⢭ᗘ࡟┦ᙜࡍࡿ㒊ศศ㞳ຠ⋡





Fig. 3-19 Particle separation performance of Type S, C and D cyclones 
 
⢏Ꮚศ㞳ᛶ⬟ࢆྥୖࡍࡿୖ࡛ࠊධཱྀᅽຊࡢไᚚࡶࡲࡓࠊᐇ㝿ࡢࣉࣟࢭࢫ࡟࠾࠸࡚㔜せ
࡞せ⣲࡛࠶ࡿࠋFig.3-20ࡣࠊධཱྀᅽຊࢆ 0.8 MPa࡟⤫୍ࡋࡓ᮲௳ୗ࡛ࡢ SᆺࠊAᆺ࠾ࡼࡧ

















ࡇࡇ࡛ Δpࡣධཱྀᅽຊ㸦MPa㸧ࢆ Qࡣධཱྀ౪⤥㏿ᗘ㸦l/min㸧ࢆ⾲ࡋ࡚࠸ࡿࠋ 













                                                      (4) 
ࡇࡇ࡛ࠊDpcࡣศ㞳ᚄࠊρpࠊρfࡣ⢏Ꮚ࠾ࡼࡧὶయࡢᐦᗘࠊμ ࡣὶయࡢ⢓ᛶಀᩘࠊU0ࡣࢧ


























㐺࡞⢊○᮲௳ࡀᏑᅾࡋࠊࢫ࣮ࣛࣜᅛᙧศ 55%ࠊ0.8 mm~1.0mmφࡢ࢞ࣛࢫࣅ࣮ࢬ඘ሸ⋡ 80㸣

















A : bottom diameter of apex cone  (m) 
Bd : under flow ratio  (-) 
D : hydrocyclone diameter  (μm) 
Dp : particle diameter  (μm) 
Dp50 : 50% cut size of cyclone  (μm) 
Dpc : cut size of cyclone  (μm) 
Dpcs : cut size of cyclone of silica particle (μm) 
Dpcp : cut size of cyclone of penthiopyrad TG (μm) 
Di : center rod diameter in the under flow section  (m) 
fc(Dp) : particle size distributions of coarse sides  (-/μm) 
fs(Dp) : particle size distributions of fine sides  (-/μm) 
K : apparatus index  (-) 
mcࠊ ms : article mass flow rate for coarse sides and fine sides respectively  (kg/s) 
ΔP : pressure drop of cyclone  (MPa) 
Q  : feed flow flow rate  (l/h) 
Qd : under flow flow rate  (l/h) 
r,z,ȟ : dimensionless co-ordinate in radial, axial and circumferential directions  (-) 
Sȭ : general function of source term (-) 
T : feed slurry temperature  (Υ) 
u, v,w : dimensionless fluid velocity in radial, axial and circumferential directions  (-) 
U0 :inlet velocity of hydrocyclone 
α : slope angle of inclined ring shown in the Type A cyclone  (deg.) 
Δη : partial separation efficiency  (-) 
ȭ : general function of conservation equation  (-) 
ǻ : diffusion coefficient  (-) 
ρpࠊρf :density of particle and fluid  (g/cm3.) 
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┦㐲ᚰỿ㝆ἲ(JIS Z8823-1:2001)ࡀ᥇⏝ࡉࢀ࡚࠸ࡿ 1ࠊ2ࠊ3ࠊ4)ࠋ 









































                                                             (1) 
ࡓࡔࡋࠊwࡣ✵Ẽ୰࡛ࡢ⢊య㉁㔞ࠊVࡣ⁐ᾮయ✚ࢆࠊvࡣ Fig.4-1c࡟࠾ࡅࡿᩳ⥺㒊ࡢయ
✚ࠊρpࠊ ρf ࡣࡑࢀࡒࢀ⢏Ꮚ࠾ࡼࡧศᩓ፹ࡢᐦᗘ࡛࠶ࡿࠋヨᩱ⢊యࡢ㉁㔞ᇶ‽ࡢ⢏Ꮚᚄศ
ᕸࢆ f(Dp)࡜ࡍࡿ࡜ࠊ᫬้ t࡟࠾ࡅࡿỿ㝆㉁㔞 G(t)ࡣ Eq. (2)ࡀᡂ❧ࡍࡿࠋࡓࡔࡋࠊv(Dp)ࡣ
୚࠼ࡽࢀࡿ⢏Ꮚࡢỿ㝆㏿ᗘࠊDp(t)ࡣ᫬㛫 t ࡟࠾࠸࡚ỿ㝆㊥㞳 h ࡔࡅỿ㝆ࡍࡿ⢏Ꮚࡢࢫࢺ
࣮ࢡࢫᚄ࡛࠶ࡾ Eq. (3)࡛⾲ࡉࢀࡿࠋ 
ࡳሺ࢚ሻ
ࡳ૙











                                                          (3) 
ࡓࡔࡋࠊμࡣศᩓ፹⢓ᗘ࠾ࡼࡧ gࡣ㔜ຊຍ㏿ᗘࢆ⾲ࡋ࡚࠸ࡿࠋEq. (2) ࡢྑ㎶➨୍㡯ࡣࠊ
᫬้ tࡲ࡛࡟ỿ㝆ࡀ⤊஢ࡍࡿ Dp(t)௨ୖࡢ⢏Ꮚࡢỿ㝆㉁㔞࡛࠶ࡾࠊ➨஧㡯ࡣ⢏Ꮚᚄ Dp(t)௨
ୗࡢ⢏Ꮚࡢỿ㝆㉁㔞ࢆព࿡ࡍࡿࠋ 
ࡇࡇ࡛ỿ㝆᭤⥺࡟࠾࠸࡚᫬㛫 t ࡟࠾ࡅࡿ᥋⥺ࢆᘬࡁ ᐃึᮇ࡟࠾ࡅࡿ⦪㍈ࡢ஺Ⅼࢆ M(t)
࡜ࡍࡿ࡜ Eq. (2)ࡣḟᘧ࡜࡞ࡿࠋ 
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ࡳሺ࢚ሻ ൌ ࡹሺ࢚ሻ ൅ ࢚ ܌ࡳሺ࢚ሻ܌࢚                                                         (4) 
ࡓࡔࡋࠊM(t)ࡣḟᘧ࡛ᐃ⩏ࡉࢀࡿ್࡛࠶ࡿࠋ 
ࡹሺ࢚ሻ ൌ ࡳ૙ ׬ ࢌ൫ࡰܘ൯܌ࡰ࢖
ࡰܘܕ܉ܠ
ࡰܘሺ࢚ሻ
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ൌ ׬ ࢍ൫ܑ࢚ࠊࡰܘ൯ࢌ൫ࡰܘ൯܌ࡰܘ            ࡰܘܕ܉ܠ૙ (i=1㹼n)                         (7) 
ࢍ൫࢚ࠊࡰܘ൯ ൌ ࢜
൫ࡰܘ൯࢚
ࢎ                       (0< Dp < Dp(ti))                       (8-1) 
ࢍ൫࢚ࠊࡰܘ൯ ൌ ૚                      ሺሺሻ൏൏ሻ                      ሺͺǦʹሻ
G(t)/G0ࡣࠊᐇ㦂࡟ࡼࡾ ᐃࡉࢀࡿ್࡛࠶ࡾࠊᛂ⟅㛵ᩘ g(tࠊ Dp)ࡣ Eqs. (8-1)ࠊ (8-2)࡟
♧ࡍࡼ࠺࡟᪤▱࡛࠶ࡿࡢ࡛ࠊ⢏Ꮚᚄศᕸ f(Dp)ࢆ⟬ฟࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡿࠋᮏሗ࡛ࡣࠊ















Ꮚᚄศᕸ ᐃἲࡢጇᙜᛶࢆホ౯ࡍࡿࡓࡵ࡟ Table 4-1࡟♧ࡍ 3✀㢮ࡢ࢞ࣛࢫࣅ࣮ࢬᶆ‽⢏
Ꮚࡢ⢏Ꮚᚄศᕸࢆ ᐃࡋࡓ 7)ࠋᐊ  20Υࡢ᮲௳ୗࠊヨᩱ⢊యࢆタᐃࡋࡓヨᩱ⃰ᗘ࡜࡞ࡿ
ࡼ࠺࡟⛗㔞ࡋࠊ0.5 mass%࣊࢟ࢧ࣓ࢱࣜࣥ㓟ࢼࢺ࣒ࣜ࢘Ỉ⁐ᾮࢆᡤᐃ㔞ຍ࠼࡚ᠱ⃮ࡋࠊ࢞











࠾ࠊ᥋⥺ἲ࡞ࡽࡧ࡟ Twomey ἲ࡟ࡼࡿ⢏Ꮚᚄศᕸࡢ⟬ฟ࡛ࡣ 20ΥࡢỈࡢᐦᗘࡢ ρf = 998 
kg/m3ࠊ ⢓ᗘ μ = 1.010-3  Pa㺃s࡜タᐃࡋ࡚⟬ฟࡋࡓࠋ 
 

























Fig. 4-4 Calculation of particle size distribution by tangent line method for MBP 10-100 
based on visual observation 
 
Fig.4-5࡟MBP 1-10࠾ࡼࡧMBP3-30ᶆ‽⢏Ꮚ࡟࠾࠸࡚᭱⤊ỿ㝆㊥㞳 H0ࢆࡑࢀࡒࢀ 3.5 






























































Fig. 4-7 Comparison of sedimentation distance measured by visual observation and image 















Fig. 4-8 Definition of interface by image analysis 
 
⏺㠃ࢆኚືࡉࡏ࡚ Twomeyἲ࡟ࡼࡾ⟬ฟࡋࡓྛᶆ‽⢏Ꮚࡢ⢏Ꮚᚄศᕸࢆ Fig.4-9, Fig.4-













Fig. 4-10 Effect of interface on particle size distributions for MBP 3-30 
 








ࡇࢀࡲ࡛᭱ࡶಙ㢗ᛶࡢ㧗࠸ࢹ࣮ࢱࡢᚓࡽࢀ࡚࠸ࡿ⏺㠃㸦C㸧ࡢỿ㝆㊥㞳 hc ࡟⿵ṇಀᩘ β
ࢆ࠿ࡅ࡚⟬ฟࡋࡓỿ㝆㊥㞳 hDࢆ⏝࠸ࡿࡇ࡜࡛ಙ㢗ᛶࡢྥୖࡢ᳨ウࢆ⾜ࡗࡓࠋ 
























Fig.4-12 Effect of interface on particle size distributions for MBP 10-100 
 
 














ᠱ⃮ࢰࣝ 0.5 gࢆ࣏ࣜ࢜࢟ࢩ࢚ࢳࣞࣥࣀࢽࣝࣇ࢙ࢽ࢚࣮ࣝࢸࣝሷ㸦ࢽ࣮ࣗࢥ࣮ࣝ 560ࠊ᪥
ᮏங໬๣ओ㸧ࡢ 0.2 w/v%Ỉ⁐ᾮ 100 mLࢆ⏝࠸࡚ศᩓࡉࡏࠊ㉸㡢Ἴศᩓ㸦࿘Ἴᩘ 40 kHzࠊ






ࢳ࢜ࣆࣛࢻࡢᐦᗘࡣࠊρp = 1270 kg/m3࡜ࡋ࡚⟬ฟࡋࡓࠋ 
 


















♧ࡍࠋMBP 1-10࡛ࡣࠊ ᐃ᫬㛫ࢆึᮇࡢ 6000⛊㸦 ᐃᅇᩘ 12ᅇ㸧࠿ࡽ 2400⛊㸦 ᐃᅇ
ᩘ 6ᅇࠊỿ㝆㊥㞳 3.8੉㸧࡟▷⦰ࡋࡓሙྜࠊࡍ࡞ࢃࡕ ᐃヨᩱࡢ 90%ࡩࡿ࠸ୗ✚⟬⢏Ꮚᚄ
࡟࠶ࡓࡿ⣙ 7ȣmࡼࡾࡶ኱ࡁ࡞⢏Ꮚࢆᑐ㇟࡜ࡋࡓ ᐃ࡛ࡶ㧗࠸ಙ㢗ᛶࢆ⥔ᣢࡋࡓࠋ୍᪉ࠊ
 ᐃ᫬㛫ࢆ 600⛊㸦 ᐃᅇᩘ 3ᅇࠊỿ㝆㊥㞳 1.1੉㸧ࡲ࡛▷⦰ࡍࡿ࡜ᐇ ್࡜ࡢ஋㞳ࡀ኱
ࡁࡃ࡞ࡿഴྥ࡟࠶ࡗࡓࠋࡲࡓࠊ࣌ࣥࢳ࢜ࣆࣛࢻỈᛶᠱ⃮ࢰ࡛ࣝࡣ ᐃ᫬㛫ࢆึᮇࡢ 9600






















































Dp    : Particle diameter      [μm] 
Dpmax    : Maximum particle diameter     [μm] 
Dp50     : Mass median diameter      [μm] 
Dp(t)    : Critical particle diameter     
 [μm] 
f (Dp)    : Frequency size distribution     [μm-1] 
G(t)    : Sedimentation mass      [kg] 
G0    : Total sedimentation mass     
 [kg] 
g    : Gravity acceleration       [m/s2] 
g(tࠊ Dp)  : Response function      [-] 
H0    : Total sedimentation distance     [m] 
h    : Sedimentation distance      [m] 
M(t)    : Sedimentation mass calculated by tangent line method   [kg] 
n     : Number of sedimentation data     [-] 
R(Dp)(t)  : Oversize integrated distribution      [-] 
t       : Time [s] 
V       : Volume of solution  [-] 
v (Dp)   : Terminal settling velocity  [m/s] 
w    : Mass of particle  [kg] 
β       : Correction coefficient  [-] 
μ       : Viscosity  [Pa㺃s] 
ρp      : Density of particle  [kg/m3] 
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࡞⢊○᮲௳ࡀᏑᅾࡋࠊࢫ࣮ࣛࣜᅛᙧศ 55㸣ࠊ0.8 mm~1.0 mmΦࡢ࢞ࣛࢫࣅ࣮ࢬ඘ሸ⋡ 80㸣
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ㅰ㎡ 
ᮏㄽᩥࡣࠊᗈᓥ኱Ꮫ኱Ꮫ㝔ᕤᏛ◊✲⛉໬ᏛᕤᏛㅮᗙࡢ≉௵ᩍᤵྜྷ⏣ⱥேඛ⏕ࡢࡈ᠓⠜࡞⢓
ࡾᙉ࠸ࡈᣦᑟ࡜ࡈ㠴᧡࡟ࡼࡾࠊᗈᓥ኱Ꮫ኱Ꮫ㝔ᕤᏛ◊✲⛉ ༤ኈㄢ⛬ᚋᮇ࡟࠾࠸࡚᏶ᡂࡋᚓ
ࡓࡶࡢ࡛ࡇࡇ࡟ㅽࢇ࡛῝⏒࡞ࡿឤㅰࡢពࢆ⾲ࡋࡲࡍࠋ 
ࡲࡓࠊࡈከᛁࡢ୰ᮏㄽᩥࡢᑂᰝࢆᐇ᪋࠸ࡓࡔࡁࠊ⣽㒊࡟ࢃࡓࡾぶษ࡞ࡈຓゝࠊࡈᣦᑟࠊࡈ
㧗㜀ࢆ㈷ࡾࡲࡋࡓᗈᓥ኱Ꮫ኱Ꮫ㝔ᕤᏛ◊✲⛉໬ᏛᕤᏛㅮᗙࡢ⚟஭ᅜ༤ᩍᤵࠊᓥ⏣Ꮫᩍᤵࠊ࡞
ࡽࡧ࡟ᗈᓥ኱Ꮫ኱Ꮫ㝔ᕤᏛ◊✲⛉ᶵᲔࢩࢫࢸ࣒ㅮᗙࡢす⏣ᜨဢᩍᤵ࡟ࠊᚰࡼࡾཌࡃᚚ♩⏦ࡋ
ୖࡆࡲࡍࠋ 
ࡑࡋ࡚ࠊ୕஭໬Ꮫ࢔ࢢࣟᰴᘧ఍♫㎰ᴗ໬Ꮫ◊✲ᡤࡢᑠཎᩄ᫂Ặࠊ໭㔝ᬛ⾜Ặ࡟ࡣࠊᮏ◊✲
ࢆ㐍ࡵࡿ࡟࠶ࡓࡾࠊỈᛶᠱ⃮ࢰࣝࡢస〇ࠊᐇ㦂ࢹ࣮ࢱࡢ཰㞟ࠊ࠾ࡼࡧࢹ࣮ࢱࡢᩚ⌮࡞࡝ከ኱
࡞ࡈ༠ຊࢆᡝࡁࡲࡋࡓࠋᚰࡼࡾឤㅰ࠸ࡓࡋࡲࡍࠋࡲࡓࠊᗈᓥ኱Ꮫ኱Ꮫ㝔ᕤᏛ◊✲⛉ᚤ⢏Ꮚᕤ
Ꮫ◊✲ᐊࡢᅾᏛ⏕ࠊ㛵ಀࡍࡿ◊✲࡟ᦠࢃࡗ࡚᮶ࡽࢀࡓ༞ᴗ⏕ࡢⓙᵝ࡟ࡶࢹ࣮ࢱゎᯒ࡟࠶ࡓࡾ
ከ኱࡞ࡿࡈ༠ຊࢆᡝࡁࡲࡋࡓࠋᚰࡼࡾឤㅰ࠸ࡓࡋࡲࡍࠋ 
ࡲࡓࠊ୕஭໬Ꮫ࢔ࢢࣟᰴᘧ఍♫㛤Ⓨ㒊ࡢᖹ℩ᐮ᭶ࢢ࣮ࣝࣉ࣮ࣜࢲ࣮ࢆጞࡵࠊ㎰ᴗ໬Ꮫ◊✲
ᡤ᫬௦ࢆྵࡵୖྖࡢ᪉ࠎ࡟ࡣᮏㄽᩥࡢᇳ➹࡟ࡈ⌮ゎࢆ࠸ࡓࡔࡁࠊ᫬࡟๓ྥࡁ࡞ࡈຓゝࠊບࡲ
ࡋࢆ࠸ࡓࡔࡁࡲࡋࡓࠋᚰࡼࡾཌࡃᚚ♩⏦ࡋୖࡆࡲࡍࠋ 
᭱ᚋ࡟࡞ࡾࡲࡍࡀࠊ♫఍ே༤ኈㄢ⛬ධᏛࢆᛌࡃᢎㅙࡋࠊ◊✲࡜௙஦ࡢ୧❧࡛㎞࠸᫬ᮇ࡟ᖖ
࡟⚾ࢆᨭ࠼⥆ࡅඖẼ࡙ࡅ࡚ࡃࢀࡓጔ࡜ 2ேࡢᏊ౪ࡓࡕ࡟ᚰ࠿ࡽឤㅰ࠸ࡓࡋࡲࡍࠋᮏ◊✲ࡣ௨
ୖࡢ᪉ࠎࢆึࡵከᩘࡢ᪉ࠎࡢࡈ༠ຊ࡟ࡼࡗ࡚ᡂࡋᚓࡓࡶࡢ࡛࠶ࡾࠊࡈ༠ຊᡝ࠸ࡓ඲࡚ࡢ᪉ࠎ
࡟ᚰ࠿ࡽឤㅰࡢពࢆ⾲ࡋㅰ㎡࡜࠸ࡓࡋࡲࡍࠋ 
 
ᒣᮏ ဴஓ 
